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José Vassalloc,d and Carmen Silvia Passos Limaa,∗
aDepartment of Internal Medicine, Faculty of Medical Sciences, University of Campinas, Campinas,
São Paulo, Brazil
bHaematology and Haemotherapy Centre, University of Campinas, Campinas, São Paulo, Brazil
cA. C. Camargo Cancer Centre, São Paulo, São Paulo, Brazil
dLaboratory of Molecular and Investigative Pathology, Faculty of Medical Sciences, University of
Campinas, Campinas, São Paulo, Brazil

Received 23 October 2020
Accepted 13 May 2021

Abstract.
OBJECTIVES: Single nucleotide variants (SNVs) in vascular endothelial growth factor A (VEGFA) and VEGFA receptor
(KDR) genes confer different inherited abilities in angiogenesis (AG) pathway. We aimed in the present study to evaluate
influence of six VEGFA and four KDR SNVs in clinical features and survival of diffuse large B-cell lymphoma (DLBCL)
patients.
METHODS: One hundred and sixty-eight DLBCL patients diagnosed between June 2009-September 2014 were enrolled
in the study. Patients were homogeneously treated with R-CHOP. Genotypes were identified in genomic DNA by real-time
polymerase chain reaction.
RESULTS: Patients with VEGFA −634CC and +936CT or TT genotypes were at increased risk of showing grade III / IV
toxicities and not achieving complete remission with treatment, and shorter event-free and overall survival were seen in
patients with VEGFA −1154GA or AA genotype and VEGFA ATAGCC haplotype.
CONCLUSION: Our data suggest that inherited abnormalities in AG’s gene modulate clinical features and prognosis of
DLBCL patients homogeneously treated with R-CHOP.
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1. Introduction

Angiogenesis (AG), the process in which new vessels are formed from preexisting vasculature, is
crucial for the growth and progression of diffuse large B cell lymphoma (DLBCL) [1]. The most
important key regulator of AG is the vascular endothelial growth factor A (VEGFA), and its function
is mediated by its binding to a specific receptor, the VEGFR2 or KDR [2]. Both proteins are encoded
by polymorphic genes, having changes in their expressions or functions as consequence.
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Geraldo, Campinas, São Paulo, CEP: 13083-970, Brazil. Tel./Fax: +55 19 3521 7496; E-mail: carmenl@fcm.unicamp.br.

ISSN 1010-4283 © 2021 – The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).

mailto:carmenl@fcm.unicamp.br
https://creativecommons.org/licenses/by-nc/4.0/


130 A.B.C. Brito et al. / Angiogenesis in diffuse large B-cell lymphoma

The ancestral C, G and C alleles of VEGFA −2578C/A (rs699947), −1154G/A (rs1570360) and
+936C/T (rs3025039) single nucleotide variants (SNVs), respectively, were related to higher VEGFA
production [3, 4], the variant T allele of VEGFA −2489C/T (rs1005230) was related to higher VEGFA
transcription [5], while the roles of VEGFA −634G/C (rs2010963) and −460C/T (rs833061) distinct
alleles were controversial [6]. Concerning KDR SNVs, the ancestral T and G alleles of −604T/C
(rs2071559) and +1192G/A (rs2305948), respectively, were related to higher binding efficiency for
VEGFA [7] and the variant A and T alleles of −271G/A (rs7667298) and +1719A/T (rs1870377),
were related to higher binding efficiency [8], and higher KDR transcription [7], respectively.

Recently, VEGFA and KDR SNVs were associated with prognosis in DLBCL in two studies con-
ducted in Asians [9, 10], but not in another study conducted in Caucasians [11]. Facing the paucity of
information and possible relevance of the issue, the aim of the present study was to determine whether
VEGFA −2578C/A, −2489C/T, −1154G/A, −634G/C, −460C/T and +936C/T, and KDR −604T/C,
−271G/A, +1192G/A and +1719A/T SNVs affect clinicopathological features and outcome of DLBCL
patients from an ethnically distinct population of southeastern region of Brazil.

2. Patients and methods

2.1. Study patients

This prospective study included 168 consecutive de novo DLBCL patients from the Haematology
and Haemotherapy Centre of the University of Campinas and the A. C. Camargo Cancer Center. The
patients were seen at diagnosis from June 2009 to September 2014.

All cases were diagnosed according to World Health Organization (WHO) classification criteria [12]
and were staged using the Ann Arbor System [13] and the International Prognostic Index in rituximab
era (R-IPI) criteria [14].

The immunohistochemistry panel used to define the cell of origin (COO) of the tumor was as follows:
monoclonal antibodies against CD3 (PS1, 1/30, Novocastra, Newcastle upon Tyne, UK), CD10 (56C6,
1/20, Novocastra), CD 20 (L26, 1/300; Dako, Glostrup, Denmark) and MUM-1 (MUM1p, 1/40; Dako),
and patients were classified as having germinal centre B-cell (GCB) or non-GCB subtype, as previously
reported [15].

2.2. Treatment protocol

Patients were treated with curative intent every 3 weeks for a total of six to eight cycles of R-
CHOP, as decided by the clinician. Each cycle consisted of rituximab 375 mg/m2, cyclophosphamide
750 mg/m2, doxorubicin 50 mg/m2, and vincristine 1.4 mg/m2 (maximum dose: 2.0 mg) administered
intravenously on day 1, and oral prednisone 100 mg from day 1 to day 5, and cycles were repeated
every 21 days [16]. Dose reductions and treatment delays were based on the intensity of side effects,
according to the Institutional protocol. Patients who failed initial therapy with R-CHOP received high-
dose intravenous therapy (ICE, based on 3-weekly cycles of ifosfamide 5.000 mg/m2 on day 2 (24 h
infusion), carboplatin area under the curve = 5 on day 2, etoposide 100 mg/m2 from day 1 to day 3 or
DHAP, based on cisplatin 100 mg/m2 over 24 h on day 3, cytosine arabinoside 2 g/m2 every 12 h on day
4, and dexamethasone 40 mg from day 3 to day 6) followed by autologous stem cell transplantation [17].
Central nervous system (CNS) prophylaxis with intrathecal methotrexate 12 mg/m² and dexamethasone
2 mg/ m² was administered to patients with high (4 to 6) CNS-IPI score [18], and patients who presented
CNS relapse received two cycles of R-DHAP alternating with high-dose methotrexate. Prophylactic
granulocyte-colony stimulating factor (G-CSF) or antibiotics were not routinely administered.
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2.3. Toxicity and response criteria

Adverse events reported for each cycle of R-CHOP were obtained from patient information and
clinic laboratorial exams, according to the Common Terminology Criteria for Advance Events of the
National Cancer Institute (CTCAE v.4 2009). Response in patients who completed R-CHOP was
classified as complete response (CR), partial response (PR), stable disease (SD) or progressive disease
(PD) according to the International Working Group criteria [13]. Patients were followed up using
contrast-enhanced computed tomography (CT) scan 3 months after the completion of therapy. The
complete responders were reviewed every 3 months for the first 2 years and every 6 months from 3rd
to 5th year. A full blood count and lactate dehydrogenase were checked at each follow-up, together
with clinical history and examination for signs of recurrence. Re-imaging and further investigations
were performed when there was a suspicion of recurrence.

2.4. Genotyping

Genotypes were analyzed in DNA of peripheral blood samples by real-time polymerase chain
reaction, using TaqMan SNP Genotyping Assays. All reactions were performed according to the
manufacturer’s instructions, using positive and negative controls. 10% of genotype determinations
were carried out twice in independent experiments with total concordance.

2.5. Statistical analysis

The sample size of the study was based on the frequencies of VEGFA −2578C/A, −2489C/T,
−1154G/A, 634G/C, −460C/T and +936C/T and KDR +1192G/A, +1719A/T, −604T/C and −271G/A
SNVs genotypes found in healthy individuals from southeastern region of Brazil [19–21]. The proce-
dure was realized according to a previous description [22], with the purpose of to ensure that the three
genotypes (ancestral homozygote, heterozygote, and variant homozygote) were represented points.
We identified the amount of 148 patients as the minimum desired sample size for the present study.

The pairwise linkage disequilibrium (LD) was performed to ensure that markers were appropriate
for inclusion in haplotype estimates [23]. LD was measured by the disequilibrium coefficient (D′),
and significance was considered at a D′ ≥ 80%. Only haplotypes with frequency higher than 10%
were selected to analyses. Logistic regression model assessed associations between genotypes and
clinicopathological features, and Bonferroni method was used to adjust values of multiple comparisons.
Event-free survival (EFS) and overall survival (OS) encompassed time from diagnosis until relapse,
progression, death due to tumor effects or last follow-up, and time from diagnosis until death by any
cause or last follow-up, respectively. EFS and OS probabilities were estimated by the Kaplan-Meier
method and compared by the log-rank test. Cox hazards model was used to identify variables predicting
EFS and OS. Variables with P < 0.10 in univariate analyses were included in multivariate analyses.
Significant results obtained in multivariate analyses were validated using a bootstrap resampling study
to investigate the stability of risk estimates (1,000 replications). Differences were significant when
P < 0.05. All procedures were carried out according to the Declaration of Helsinki, and the study was
approved by the Ethics Committee of each institution.

3. Results

The clinicopathological features of 168 DLBCL patients at diagnosis are presented in Table 1.
The casuistic was composed by near two-thirds of cases with B symptoms and Ann Arbor III or IV
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Table 1

Clinicopathological features of 168 diffuse large B-cell lymphoma patients at diagnosis

Variable Median (range) or N (%)

Age (in years) 57 (19–89)
Gender

Female 94 (55.9)
Male 74 (44.1)

B symptoms
Absent 49 (29.2)
Present 119 (70.8)

Bulky disease
No 111 (66.1)
Yes 57 (33.9)

LDH (U/L) 466 (31.0–3,797)
IHC-based subtype∗

GCB 88 (71.5)
Non-GCB 35 (28.5)

Ann Arbor
I + II 74 (44,1)
III + IV 94 (55.9)

R-IPI
Very good/good 97 (57.7)
Poor 71 (42.3)

Response to R-CHOP∗∗

Complete 115 (83.3)
Partial 7 (5.1)
Stable or progressive disease 16 (11.6)

Toxicity grade III or IV∗∗∗

Haematological 49 (96.1)
Non-hematological 2 (3.9)

Event-free survival (months) 60.3 (1–135)
Overall survival (months) 62.8 (1–135)
Final status

Alive with disease 9 (5.4)
Alive without disease 96 (57.1)
Dead due to toxicity 14 (8.3)
Dead by disease progression 47 (28.0)
Dead by unrelated cause 2 (1.2)

R-IPI: International Prognostic Index in rituximab era; IHC: Immuno-histochemistry; GCB:
germinal center B-cells; LDH: lactate dehydrogenase. ∗: IHC was performed only in patients
with adequate lymph node tissue; ∗∗: Response to therapy was analyzed only in patients
who completed the R-CHOP scheme; ∗∗∗: toxicity was analyzed only in patients submitted
at least for one cycle of R-CHOP. Cardiotoxicity and nephrotoxicity were computed as
non-hematological toxicities

stage, and one-third of cases with bulky disease, poor R-IPI and non-GCB subtype. 157 patients were
submitted to R-CHOP; 11 patients were ineligible for treatment with R-CHOP due to advanced age
and various comorbidities. Most patients who completed R-CHOP (88.4%) obtained CR or PR. Grade
III or IV toxicity was seen in near one-third of cases; hematological toxicity was the most common
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Fig. 1. Linkage disequilibrium plot for diffuse large B cell lymphoma patients of single nucleotide variants (SNVs) in
the vascular endothelial growth factor-A gene VEGFA −2578C/A (1, rs699947), −2489C/T (2, rs1005230), −460C/T (3,
rs833061), −1154G/A (4, rs1570360), −634G/C (5, rs2010963) and +936C/T (6, rs3025039).

one (anemia was seen in 19 cases, neutropenia in 39 cases, and thrombocytopenia in 13 cases), grade
III cardiotoxicity was seen in one case and grade III nephrotoxicity was seen in another case.

We found LD between VEGFA SNVs, and the ATAGCC haplotype (−2578A, −2489T, −1154A,
−634G, −460C and +936C alleles; frequency: 18.8%) was included in analyses (Fig. 1). No asso-
ciations of genotypes/haplotype and clinicopathological features (gender, B symptoms, histological
subtype, Ann Arbor stage, and R-IPI) were observed in sample (Table 2). Grade III or IV toxicities,
mainly myelosuppression, were more common in patients with VEGFA −634CC and +936CT or TT
genotypes; these patients had 2.96 and 2.40-fold greater risk of presenting grade III or IV toxicity to
R-CHOP than patients with the remaining genotypes, respectively (Table 3). An excess of VEGFA
+936CT or TT genotype was seen in patients that did not achieve CR; these patients had 3.13-fold
greater risk of not achieving CR with R-CHOP than patients with VEGFA +936CC genotype (Table 3).

Median follow-up time was 74 months (range: 1–124). In last follow-up (December 2019), 105
patients were alive (9 with disease) and 63 patients died (14 due to toxicity, 47 of disease progression,
and 2 by unrelated causes). The estimated 5-year EFS and OS were 61.6% and 65.1%, respectively. At
5-year of follow-up, EFS and OS were shorter in patients with B symptoms (Supplemental Figure 1A
and 1B), non-GCB subtype (Supplemental Figure 1C and 1D), Ann Arbor stage III or IV (Supplemental
Figure 1E and 1F), poor R-IPI (Supplemental Figure 1G and 1H), VEGFA −1154 GA or AA genotype
(Fig. 2A and 2B), and VEGFA ATAGCC haplotype (Fig. 2C and 2D), and VEGFA +936CT or TT
(47.3% vs 66.8%, P = 0.01) and KDR +1719 AA (20.0% vs 62.9%, P = 0.004) genotypes were related
only to shorter EFS when compared to others (Kaplan-Meier estimates). Differences in EFS and OS
of patients stratified by B symptoms, histological subtype, ECOG, and VEGFA −1154G/A genotypes
and ATAGCC haplotype were seen in univariate and multivariate Cox analyses. Differences in EFS and
OS of patients stratified by Ann Arbor staging and in EFS of patients stratified by VEGFA +936C/T
and KDR +1719A/T genotypes were seen only in univariate Cox analysis.
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Table 2

Association of clinicopathological features and VEGFA −634G/C and +936C/T genotypes in diffuse large B-cell
lymphoma patients

Clinical feature VEGFA VEGFA VEGFA P value VEGFA VEGFA VEGFA P value
634 GG 634 GC 634 CC 936 CC 936 CT 936 TT

Number of patients (%) 69 (41.1) 76 (45.2) 23 (13.7) 122 (72.6) 43 (25.6) 3 (1.8)
Gender

Male 32 (43.2) 32 (43.2) 10 (13.5) 0.87 51 (68.9) 20 (27.0) 3 (4.1) 0.12
Female 37 (39.4) 44 (46.8) 13 (13.8) 71 (75.5) 23 (24.5) 0 (0)

B symptoms
Absent 21 (42.9) 23 (46.9) 5 (10.2) 0.70 36 (73.5) 12 (24.5) 1 (2.0) 0.98
Present 48 (40.3) 53 (44.5) 18 (15.1) 86 (72.3) 31 (26.0) 2 (1.7)

Subtype
GCB 37 (42.0) 42 (47.7) 9 (10.2) 0.22 64 (72.7) 22 (25.0) 2 (2.3) 0.83
Non-GCB 16 (45.7) 12 (34.3) 7 (20.0) 23 (65.7) 11 (31.4) 1 (2.9)

Ann Arbor stage
I/II 23 (31.1) 38 (51.3) 13 (17.6) 0.06 50 (67.5) 21 (28.4) 3 (4.1) 0.10
III/IV 46 (48.9) 38 (40.4) 10 (10.7) 72 (76.6) 22 (23.4) 0 (0)

R-IPI
Low/ LI 42 (43.3) 41 (42.3) 14 (14.4) 0.66 71 (73.2) 24 (24.7) 2 (2.1) 0.92
Poor 27 (38.0) 35 (49.3) 9 (12.7) 51 (71.8) 19 (26.8) 1 (1.4)

Subtype
GCB 37 (42.0) 42 (47.7) 9 (10.2) 0.22 64 (72.7) 22 (25.0) 2 (2.3) 0.83
Non-GCB 16 (45.7) 12 (34.3) 7 (20.0) 23 (65.7) 11 (31.4) 1 (2.9)

GCB, germinal centre B-cell; R-IPI, International Prognostic Index in rituximab era; L, low; LI, low intermediate.

Table 3

Association of toxicity and response to therapy with VEGFA 634G/C and 936C/T genotypes in diffuse large B-cell
lymphoma patients

Variables Patients VEGFA −634G/C VEGFA +936C/T

N (%) GG or GC CC P value CC CT or TT P value
N (%) N (%) N (%) N (%)

Toxicity
Grade 0 to II 106 (67.5) 97 (70.8) 9 (45.0) 85 (73.9) 21 (50.0)
Grade III or IV 51 (32.5) 40 (29.2) 11 (55.0) 0.03 30 (26.1) 21 (50.0) 0.007

Complete response
Yes 115 (83.3) 102 (84.3) 13 (76.5) 89 (88.1) 26 (70.3)
No 23 (16.7) 19 (15.7) 4 (23.5) 0.48 12 (11.9) 11 (29.7) 0.01

Toxicity was analyzed in 157 cases treated with R-CHOP with available exams; grade III or IV myelotoxicity was seen in
49 cases, cardiotoxicity in 2 cases, and nephrotoxicity in 1 case. Response was evaluated in 156 patients who completed
R-CHOP; partial response and refractory disease were seen in 7 and 16 cases, respectively. Carriers of the VEGFA −634CC
genotype were under a 2.96 (95% CI: 1.14–7.70)-fold increased risk of presenting grade III or IV toxicity during R-CHOP.
Carriers of VEGFA +936CT or TT genotypes were under a 2.40 (95% CI: 1.14–5.04) more chance of presenting grade III or
IV toxicity during treatment and a 3.13 (95% CI: 1.24–7.93) more chance of not achieving CR with R-CHOP. P significant
values are presented in bold letters.
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Fig. 2. Kaplan-Meier estimates. A) Event-free survival (EFS) and B) overall survival (OS) of diffuse large B-cell lymphoma
(DLBCL) patients stratified by genotypes of VEGFA 1154G/A single nucleotide variant (SNV); C) EFS and D) OS of DLBCL
patients stratified by the presence or absence of VEGFA ATAGCC haplotype (−2578A, −2489T, −1154A, −634G, −460C
and +936C alelles).

Patients with VEGFA +936CT or TT genotype and KDR +1719AA genotype had 1.78 and 3.52-fold
greater risk of presenting disease progression in univariate Cox analysis, respectively. In multivariate
analysis, patients with VEGFA −1154GA or AA genotype and ATAGCC haplotype had 2.64 and 2.52-
fold greater risk of disease progression, and 2.97 and 2.33-fold greater risk of evolving to death than
others, respectively. Associations found in multivariate analysis were confirmed by the bootstrapping
method (Table 4).

4. Discussion

We initially found that DLBCL patients enrolled in the present study presented similar clinicopatho-
logical aspects when compared to those of other countries [24, 25], and therefore the sample was
adequate for evaluation of new prognostic factors in disease. Only B symptoms and histological GCB
subtype were more common in our sample than in others and were described as characteristics of
DLBCL in our country.
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Table 4

Association of clinicopathological features and VEGFA and KDR genotypes with survival in diffuse large B-cell lymphoma
patients

Characteristics Event Free Survival Overall Survival

N event/ Univariate P Multivariate P N event/ Univariate P Multivariate P

N total HR (95% CI) value HR (95% CI) value N total HR (95% CI) value HR (95% CI) value

B symptoms

Absent 11/49 Reference Reference 10/49 Reference Reference

Present 59/119 2.91 (1.52–5.55) 0.001 2.35 (1.16–4.96) 0.02 53/119 2.80 (1.42–5.52) 0.003 2.12 (0.98–4.62) 0.04

Histological subtype∗

GCB 30/88 Reference Reference 27/88 Reference Reference

Non-GCB 22/35 2.28 (1.31–3.97) 0.003 2.00 (1.12–3.58) 0.01 20/35 2.25 (1.26–4.02) 0.006 1.96 (1.06–3.62) 0.03

Stage (Ann Arbor)

I or II 25/74 Reference Reference 21/74 Reference Reference

III or IV 45/94 1.62 (1.02–2.64) 0.04 1.00 (0.53–1.91) 0.98 42/94 1.78 (1.05–3.00) 0.03 1.05 (0.53–2.07) 0.87

Age

≤ 60 years 36/96 Reference Reference 31/96 Reference Reference

> 60 years 34/72 1.39 (0.87–2.23) 0.16 NA 32/72 1.51 (0.92–2.48) 0.10 NA

Extranodal site

0/1 22/61 Reference Reference 21/61 Reference Reference

> 1 48/107 1.20 (0.72–1.99) 0.47 NA 42/107 1.09 (0.64–1.84) 0.73 NA

ECOG

0/1 47/141 Reference Reference 40/141 Reference Reference

> 1 23/27 6.72 (4.02–11.21) 0.001 4.20 (2.04–8.65) 0.001 23/27 7.75 (4.57–13.14) 0.001 4.84 (2.39–9.80) 0.0001

LDH

Normal 13/42 Reference Reference 11/42 Reference Reference

Elevated 57/126 1.70 (0.93–3.12) 0.08 1.01 (0.50–2.02) 0.97 52/126 1.82 (0.96–3.53) 0.06 1.05 (0.49–2.24) 0.88

VEGFA −1154G/A

GG 35/102 Reference Reference 31/102 Reference Reference

GA or AA 35/66 1.75 (1.10–2.81) 0.01a 2.64 (1.29–5.39) 0.007e 32/66 1.77 (1.08–2.90) 0.02g 2.97 (1.35–6.32) 0.005i

VEGFA +936C/T

CC 45/124 Reference Reference 41/124 Reference Reference

CT or TT 25/44 1.78 (1.09–2.91) 0.02b 1.27 (0.65–2.49) 0.47 22/44 1.67 (0.99–2.80) 0.05 1.25 (0.62–2.52) 0.52

KDR +1719A/T

AA 5/5 3.52 (1.41–8.78) 0.007c 4.45 (1.00–14.1) 0.05 4/5 2.65 (0.96–7.31) 0.06 2.80 (0.78–10.06) 0.11

AT or TT 65/163 Reference Reference 59/163 Reference Reference

VEGFA ATAGCC

Absent 37/83 Reference Reference 32/83 Reference Reference

Present 33/85 1.70 (1.06–2.72) 0.02d 2.52 (1.26–5.02) 0.008f 31/85 1.70 (1.04–2.79) 0.03h 2.33 (1.13–4.80) 0.02j

HR, hazard ratio; CI, confidence interval; NA, not applicable; GCB, germinal center B-cell; ECOG: Eastern Coopera-
tive Oncology Group; LDH, lactate dehydrogenase. ATAGCC haplotype included VEGFA −2578A, −2489T, −1154A,
−634G, −460C and +936C alelles. Ann Arbor stage was not included in multivariate analysis since it was included in
R-IPI. P values < 0.05 were considered significant and are presented in bold letters. (a) Pbootstrap = 0.007; (b) Pbootstrap = 0.002;
(c) Pbootstrap = 0.003; (d) Pbootstrap = 0.04; (e) Pbootstrap = 0.02; (f ) Pbootstrap = 0.003; (g) Pbootstrap = 0.006; (h) Pbootstrap = 0.002;
(i) Pbootstrap = 0.003; (j) Pbootstrap = 0.02.

Secondly, we found no association of VEGFA and KDR genotypes and VEGFA haplotype with
clinicopathological features of DLBCL, and VEGFA −2578C/A, −634G/C and +936C/T, and KDR
+11926G/A SNVs were not associated with clinical features of DLBCL in study of Kim et al. [5].
Diao et al. [26] observed associations of VEGFA −2578C allele and +936TT genotype with tumor
stage III or IV, and association of VEGFA +936T allele with IPI 4 was seen in study of Wróbel et al.
[27], both conducted in non-Hodgkin lymphoma (LNH). Thus, ours and Kim’s data indicate that the
analyzed SNVs do not alter clinicopathological features of DLBCL.
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Thirdly, we observed that VEGFA −634CC and +936CT or TT genotypes were associated with higher
toxicity to R-CHOP, mainly myelosuppression, and +936CT or TT genotype was also associated with
poor response to chemoimmunotherapy. To the best of our knowledge, no studies focused on those
issues previously. It is plausible that patients with VEGFA +936CT or TT genotype have worse response
to therapy, since the T allele encodes less VEGFA than the C allele [3], having possible less tumor
vasculature and less exposure of tumor cells to chemotherapy as consequence. However, association
of the mentioned genotypes with higher toxicity it is not easily explained. One possibility is that the
VEGFA +936T allele may modulate AG in different intensities in distinct organs, as proposed by
Rutkowski et al. [28]. On the other hand, the roles of G and C alleles of VEGFA −634G/C SNV on
VEGFA production are controversial [6]. Thus, the association of VEGFA −634CC genotype with high
toxicity in our study may indicate that the C allele is enrolled with possible high VEGFA production
and vessel formation, leading to high exposition of bone marrow cells to chemotherapy. However,
associations of the VEGFA −634G/C and +936C/T SNVs with toxicity and response to R-CHOP need
to be confirmed by further studies on the roles of ancestral and variant alleles in the VEGFA expression
and micro vessel density in the tumor and bone marrow.

Finally, we observed that VEGFA −1154GA or AA and ATAGCC haplotype emerged as indepen-
dent prognostic factors of short EFS and OS in our patients whereas VEGF +936CT or TT and KDR
+1719AA were predictors of short EFS only. Kim et al. [9] found KDR 1719AT or TT genotype as
independent prognostic factors related to worst EFS and OS in Korean DLBCL. Another recently pub-
lished German work [11] did not find association between VEGFA −2578C/A, −1154G/A, −634G/C
and +936C/T and KDR +1192G/A and +1719A/T SNVs with prognosis of DLBCL patients. Differ-
ences in results obtained in the present study and in Korean and German studies may be attributed to
the ethnic heterogeneity of populations, since Brazilian population is highly heterogeneous (composed
by indigenous and emigrants for Europe, Asia, and Africa) and mixed [29] while Korea and German
populations are homogeneous. Imbalance of patients with unfavorable prognosis in studies may consti-
tute another explanation for differences. According to our data, Yoon et al. [10] found VEGFA −1154
AA genotype as an independent prognostic factor with worst EFS and OS in Korean patients. Taken
results together, the SNV alter survival in DLBCL, and this event does not depend on ethnic origin
of patients. Since the VEGFA −1154A allele was related to low VEGFA production [4], we speculate
that it may induce low number of vessels to supply the chemotherapy to tumor, resulting in disease
progression and worse survival. Association of VEGFA ATAGCC haplotype and VEGFA +936CT or
TT and VEGFR2 +1719AA genotypes with low VEGF production [7] also support our theory that low
vessel formation impact negatively DLBCL prognosis. With these conflictual results, a meta-analysis
composed by all studies is necessary to clarify the roles of VEGFA SNVs in survival of patients with
DLBCL.

In the present study, VEGFA +936C/T SNV modulated CR but did not alter patients’ survival.
Conversely, VEGFA −1154G/A SNV altered EFS and OS but did not influence CR rate. A possible
explanation for these unexpected findings is based on the genetic variability of individuals who have the
DLBCL. The VEGFA is highly polymorphic, with at least 30 functional SNVs in 5′-untranslated region
(UTR), 3′-UTR, and promoter region [30]. Since it is already well known that a phenotype may not be
determined by a single SNV, it is possible that the response pattern and survival of LDGCB patients
of the present study had been determined by VEGFA +936C/T and VEGFA −1154G/A, respectively,
but with the participation of other SNVs of the same gene or others [31].

It is also important to point that other AG-related parameters, such as other proangiogenic factors
and their receptors, circulating endothelial cells, micro vessel density, and tumor microenvironment,
have also been identified as prognostic indicators in different types of aggressive lymphomas [32],
and may have contributed to the associations and lack of associations found in this study. Since
bevacizumab, an angiogenic inhibitor tested in B-NHL have encountered disappointing outcomes
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[33, 34], the discovery of reliable angiogenic markers using non-invasive approaches is important for
assessment of new AG-targeted therapies.

5. Conclusion

Our data present preliminary evidence that inherited abnormalities in VEGFA and KDR genes are
associated with poor outcome of patients with DLBCL. However, we are aware that these results should
be validated in studies with larger numbers of patients from the various regions of the world, and by
functional analyses of SNVs in tumor and bone marrow AG. If validated, the SNVs can be used to
select patients with worse outcome that may receive distinct treatment.
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